We report the first determination of the absolute branching fractions of the X(3872) decays by globally analyzing the measurements provided by the Belle, BaBar, BESIII, and LHCb experiments. The branching fractions of X(3872) → π + π − J/ψ and D * 0D0 + c.c. are found to be (4.1 +1.9 −1.1 )% and (52.4
During the last 16 years, there have been many experimental measurements on the X(3872), however, except its mass was measured in a high precision of 170 keV [8] and its spin-parity and charge-conjugate parity quantum numbers are determined to be J P C = 1 ++ [9] , all other quantities are only known with very large uncertainties. Its total width is known to be an upper limit of 1.2 MeV at the 90% confidence level (C.L.), and only D * 0D0 + c.c., π + π − J/ψ, ωJ/ψ, γJ/ψ, and π 0 χ c1 decay modes are observed with more than 5 standard deviation significance [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , and the existence of γψ(3686) decay mode is not confirmed [15, [18] [19] [20] . None of the above modes have measured absolute branching fractions due to the fact that the total number of X(3872) events is very hard to be determined either in B-meson decays or in e + e − annihilation experiment. As a consequence, only the product branching fractions in B decays or the product of the total cross section and the X(3872) decay branching fraction is reported experimentally.
BaBar and Belle experiments tried to measure B(B + → X(3872)K + ) by reconstructing inclusive B + → K + + anything and searching for the monochromatic K + corresponds to two-body decay B + → X(3872)K + in the center-of-mass system of the B + -meson [21, 22] , but no significant signals were observed. By improving the algorithm of signal reconstruction and using the full available data, BaBar is able to improve the sensitivity of the inclusive X(3872) reconstruction, and a 3σ significance signal of B + → X(3872)K + is observed, and the branching fraction is determined to be (2.1 ± 0.6 ± 0.3 ± 0. The measurements used in this analysis are listed in Table I . To extract the absolute branching fractions of X(3872) decays we do a least square fit by minimizing
where i is the index (from 1 to 25) listed in Table I , x i are the 25 measured values, x is the corresponding values constructed with free parameters, and σ i is the sum of the statistical and systematic uncertainties in quadrature.
In the above definition, we assumed that all the measurements follow Gaussian distribution, the statistical uncertainties of different measurements are uncorrelated, and possible correlation among the systematic uncertainties of different measurements in an experiment is neglected since the statistical uncertainties are dominant for most of the measurements. We also assume that there is no correlation between different experiments.
The branching fractions B(X(3872) →
, and B(B 0 → X(3872)K 0 ) are free parameters in the fit. By minimizing χ 2 (x) with minuit [24] , the fitting results are obtained and listed in Table II . The fit yields χ 2 /ndf=25.2/17 where ndf represents the number of degrees of freedom. The correlation coefficients between the fit parameters are shown in Table III .
From the fitting results we can see that D * 0D0 + c.c. is the dominant decay mode of the X(3872) with a decay rate of (52.4
3 )%, and all the other modes with charmonium have branching fraction of a few percent. With all of the known branching fractions, the fraction of X(3872) decays which is not yet observed in experiment is determined to be (31.9 +18.1 −31.5 )%, so the search for new decay modes of the X(3872) is still an important task. As free parameters in the fitting, the production rates of the X(3872) in neutral and charged B-meson decays are obtained as listed in Table II. BESIII measured the product σ(e + e − → γX(3872))B(X(3872) → π + π − J/ψ) at centerof-mass energies from 4 to 4.6 GeV [16] , with known B(X(3872) → π + π − J/ψ), the production cross section of e + e − → γX(3872) can be obtained. The peak cross section of e + e − → γX(3872) is found to be (5.5
+2.8 −3.6 ) pb at the center-of-mass energy 4.226 GeV. This is obtained by sampling both numerator and denominator with the consideration of their asymmetric uncertainties, the cross section is about an order of magnitude smaller than that of e + e − → π + π − J/ψ at the same energy [25] .
In summary, we obtain the absolute branching fractions of the X(3872) decays into six modes by globally fitting the measurements provided by Belle, BaBar, BESIII, and LHCb The measurements of the X(3872) decays by Belle, BaBar, BESIII, and LHCb experiments: the product branching fractions of X(3872) → π + π − J/ψ, γJ/ψ, γψ(3686), D * 0D0 + c.c., and ωJ/ψ, the inclusive branching fraction B(B → X(3872)K), the ratios of the branching fractions B(X(3872) → γJ/ψ, ωJ/ψ, D * 0D0 + c.c., π 0 χ c1 ) to B(X(3872) → π + π − J/ψ). The first uncertainties are statistical and the second systematic.
Index (i) Parameters
Values Experiments experiments. The branching fraction of X(3872) → π + π − J/ψ is determined to be (4.1 +1.9 −1.1 )% which can be used in many measurements where X(3872) → π + π − J/ψ is reconstructed and supply critical input in understanding the nature of the X(3872) [26] . This branching fraction is in good agreement with early estimations in Refs. [27] and [28] . By combining the branching fractions of the observed modes, we obtain the fraction of the unknown decays of the X(3872) as (31.9 +18.1 −31.5 )%, which calls for more experimental efforts in the study of the X(3872) decays.
